The search for nonvirion antigens in cells infected with herpes simplex virus (HSV) was begun by one of us (A.B.S.) in 1966 as a means of investigating the possible role of this DNA virus, one of the viruses of the human heritage maintained in nature strictly by passage from one person to another, in the etiology of certain human cancers; the difficulties that were encountered and the possibility of overcoming them were reported in 1968 (1). Success was achieved with the discovery of the special lability at 40 of a nonvirion product in tissue culture cells infected with one HSV 1 strain and of a method of preparing a specific nonvirion antiserum Abbreviations: HSV 1, herpes simplex virus, subtype 1; HSV 2, herpes simplex virus, subtype 2; CF, complement fixation; GPK, guinea pig kidney; RK, rabbit kidney; HEp 2, human epidermoid carcinoma cells; HeLa, a human cell line derived from a carcinoma of the cervix uteri; HFDK, human fetal diploid kidney; HFDL, human fetal diploid lung; PFU, plaque-forming unit. $ Present address: Fogarty International Center, National Institutes of Health, Bethesda, Md. 20014 . Reprint requests from the Western Hemisphere can be addressed to Dr. Sabin.
(2). This type 1 nonvirion antiserum failed to react by complement fixation (CF) with comparably prepared material from tissue culture cells infected not only with vaccinia virus but also with an HSV 2 strain, and the following questions needed to be answered: (a) Would this nonvirion antiserum react with comparable material from other HSV 1 or HSV 2 strains? (b) Do HSV 2 strains produce nonvirion antigens detectable by suitably prepared homologous antisera? (c) Is it possible that each strain or certain groups of strains produce immunologically distinct nonvirion antigens regardless of whether they belong to subtypes 1 or 2 of HSV? The present study was designed to answer these questions.
MATERIALS AND METHODS
The procedures used for propagation of the guinea pig (GPK) and rabbit kidney (RK) cells and of our line of HEp 2 cells, the preparation of nonvirion antigens and of nonvirion-free virion antigens and antisera for their identification and titration, and the absorption of sera with virion antigens to permit their use for tests with nonvirion antigens were described (2). The nine HSV 1 strains used included: Sabin "Schooler" (2), Tokumaru "13H" obtained from Dr. T. Tokumaru (Children's Hospital of Philadelphia, Pa.), Munk "HOS" and "EBR" strains (in HeLa cells) Note: The GPK and HEp 2 cells used in these tests were grown in 10% unheated, regular calf serum. Uninfected aliquots manipulated as for infected antigen production were used concurrently in all tests with negative results. Two-fold dilutions, beginning with 1: 2, were used in all tests. Titers of 3, 6, 12, 24, 48, 96, and 192 given in this and subsequent tables indicate that in the 1: 4, 1: 8, 1: 16, etc. dilutions there was 50% hemolysis and that in the preceding lower dilution there was 25% or no hemolysis.
of nine HSV 1 strains produced enough nonvirion antigen measured by CF with an antiserum prepared with one of these five strains, while four HSV 1 and all three HSV 2 strains did not; (ii) as was previously observed with a single HSV 1 strain (2), the concentration of nonvirion antigen in GPK cells was higher at 3 hr than at 24 hr while the reverse was true in the HEp 2 cells; (iii) all HSV 1 and HSV 2 strains yielded similar concentrations of HSV 1 virion antigen. The failure of four HSV 1 strains to yield CF-detectable nonvirion antigens could be due to (a) inability of some HSV 1 strains to produce nonvirion antigen, or (b) production of an insufficient quantity of antigen to be detected by CF, or (c) production of strain-specific nonvirion antigens. The failure of the three HSV 2 strains to yield CF-demonstrable type 1 nonvirion antigen could, in addition to the above factors, be due to a distinctive HSV 2 antigen or character. Accordingly, guinea pigs were immunized with GPK cell material infected with each of the four "negative" HSV 1 strains and one HSV 2 strain (Sabin "Justin") harvested and processed in the optimum manner for nonvirion antigen according to the previously described procedure (2).
Production and Properties of Nonvirion Antibody by Four "Negative" HSV 1 Strains and One HSV 2 Strain. The data in Table 2 show that all four "negative" HSV 1 strains produced enough nonvirion antigen to stimulate development of antibody that reacted by CF with nonvirion antigen produced by one positive HSV 1 strain (Sabin "Schooler") . The small number of guinea pigs from which the antisera were derived precludes a proper interpretation of the generally lower nonvirion antibody titers exhibited by the sera produced by the four "negative" HSV 1 strains, and further work is indicated to determine whether or not there may be strain differences. The data in Table 3 show that: (a) the "negative" HSV 1 strain antisera exhibited similar titers of nonvirion antibody in tests with nonvirion antigen produced by four "positive" HSV 1 strains, but failed to react with comparable material from GPK cells infected with three HSV 2 strains; (b) the antiserum prepared with the Sabin "Justin" HSV 2 strain exhibited high titers of nonvirion CF antibody not only with all three HSV 2 strains but also with three HSV 1 "positive" strains and a somewhat lower titer with a fourth HSV 1 "positive" strain. These data may be interpreted as follows: (a) the HSV 1 strains tested all have the capacity to produce HSV 1 nonvirion antigen, but either no HSV 2 nonvirion antigen or in such small amounts that even the sensitive hyperimmunization antibody-induction test is inadequate to detect it; (b) all three HSV 2 strains tested produce nonvirion antigen demonstrable by CF with an antibody produced by one HSV 2 strain, and that at least this HSV 2 strain also produces enough HSV 1 nonvirion antigen to give rise to antibody reacting with four "positive" HSV 1 strains. Thus, if an unknown serum, properly absorbed with HSV virion antigens, reacts only with HSV 1 nonvirion antigen the nonvirion antibody in it most probably was induced by HSV 1; on the other hand, a positive reaction with both HSV 1 and HSV 2 nonvirion antigens points to involvement of HSV 2 in the production of the nonvirion antibody.
Concentration of Nonvirion Antigenr in Different Cells at Different Times After Infection with an HSV 1 or HSV 2 Strain Measured with Five Different HSV 1 and One HSV 2 Antiserum. The data in Table 4 show that: (a) in GPK cells infected with HSV 1, all HSV 1 antisera, except "Abasdo,"
and also the HSV 2 antiserum detected about the same amounts of nonvirion antigen, suggesting that all of them have * "Abasdo" and Sabin "Schooler" antisera were derived from single guinea pigs; other antisera were pools of sera from two ("Scroggins" and "Vozaites") or three ("Lemas") guinea pigs.
t Dilution of virion absorbed antiserum reacting by CF with frozen, thawed, and sonicated 10% suspension of GPK culture cells harvested 3 hr after infection with high multiplicity of HSV 1 Sabin "Schooler" and stored at -80°for 2 days. This suspension contains both nonvirion and virion antigens, but the absorbed serum contains no measurable virion antibody at 1:10 dilution.
tThe virion antigen used for measurement of the virion antibody was purposely the same kind of 3-hr harvest of infected GPK cells manipulated as described above, except that the nonvirion antigen was removed by storage at 40 for 14 days, to make certain that the absorbed serum contained no antibody for a stable virion antigen that might be present in greater concentration at 3 hr than 24 hr after infection.
§The sera were absorbed with HEp 2 cells, infected with HSV 1 and harvested at 24 hr, in which the nonvirion antigens were inactivated by storage at 40 for 14 days.
an antibody for the same nonvirion antigen, which is either the major component of a group or the only one; since all the antisera were used in a dilution of 1:10, and therefore contained different amounts of antibody, the lower concentration of antigen indicated by the "Abasdo" serum may be related to the fact that it had an antibody titer of only 1:10 (see Table 2 ) and thus only 1 unit of antibody was used in the test; (b) the HSV 2 antiserum with its high titer of nonvirion antibody (about 16 Sedimentability and Stability of HSV 1-and HSV 2-Induced Nonvirion and Virion Antigens. The data in Table 5 show that the HSV 2, like the HSV 1 (2), nonvirion antigen is largely or completely sedimented by centrifugation at 33,360 X g (22,500 rpm on Spinco rotor no. 40) for 60 min, although it may be that less of the HSV 2 than of HSV 1 is bound to large subcellular components because centrifugation at 1,500 X g (2500 rpm horizontal) for 10 min failed to reduce the concentration of antigen. The data in Table 6 Table 7 show that sera, taken from young women from 5 to 21 days after they first noticed genital lesions from which HSV 2 virus was isolated, had no antibody for HSV 2 nonvirion antigen. HSV 2 nonvirion antibody was also absent from the sera of two other women with current genital lesions who had cytological evidence of HSV infection and HSV 2 neutralizing antibodies. The virus isolations and cytological and neutralization tests on these six patients were performed by Dr. A. J. Nahmias, Emory University Medical School, At- * Dilution of frozen, thawed, and sonicated 10% cell suspension at which no hemolysis occurred or not more than 25% hemolysis.
t All sera tested with similarly manipulated 10% suspensions of uninfected aliquots of the same batches of cells yielded negative results.
t HSV 1 (Sabin "Schooler" strain) postinfection and posthyperimmunization diluted rabbit serum. § The absorbed nonvirion guinea pig antisera were all used at a dilution of 1: 10; consequently the amount of nonvirion antibody used for measuring the concentration of nonvirion antigen varied from 8-24 units for the HSV 2 "Justin" serum (depending on the type of antigen being measured), 8 units for the HSV 1 "Schooler," 4 units for "Lemas," 2-3 units for "Scroggins" and "Vozaites," and only 1 unit for the "Abasdo" serum (see Tables 2 and 3 for antibody titers of these antisera). lanta, Ga., who kindly supplied us the sera and the information. It should be noted here that the patients with current genital lesions were not necessarily experiencing primary HSV 2 infections, partly because lesions on the cervix uteri can be painless and go unnoticed and partly because neutralization tests by Dr. Nahmias on early and later sera from some of these patients failed to show any significant change in titer of HSV 2 neutralizing antibodies. HSV 2 nonvirion antibody tests were also negative on eight other human sera. Serum specimens 7 Table 4 . At 3 hr after infection of RK cells with HSV 1 (Sabin "Schooler"), the nonvirion HSV 1 antisera produced by the "Schooler" and "Lemas" strains detected 2 units and 1 unit of nonvirion antigen, respectively, while the HSV 1 "Scroggins," "Vozaites," and "Abasdo" nonvirion antisera, as well as the HSV 2 (Sabin "Justin") nonvirion antiserum (with 16 units of antibody for the major nonvirion antigen produced in GPK cells by the HSV 1 "Schooler" strain) yielded negative results. This finding raises the question as to whether the nonvirion antigen produced in RK cells at 3 hr by the HSV 1 "Schooler" strain is different from the major nonvirion antigen for which antibody is present in the sera that failed to detect this early antigen in RK cells. The question of the existence of more than one HSV 1 nonvirion antigen was previously raised by data obtained in titrations of guinea pig antisera against the products found in GPK and RK cells at different times after infection with the same HSV 1 strain (2). 
